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During the pas st 10 years the accident—prevention efforts of Federal, 
State, and insurance agencies, mine associations, individual mine operators, 
and mine-erpioyee groups have been rewarded by a substantial decrease in 
the accident rate at metal mines, and certain mining operations have es-~ 
tablished accident records that compare with the best of tnose in indus- 
tries believed to have far fewer inherent hazards than mining. Neverthe- 
less, the accident rate for the mining industry as a whole remains defi~ 
nitely worse than that of most other industries. 


Since some individual metai*mining companies have reduced accidents 
s0 successfully that one cr two disabling accidents a year are considered 
a setbeck, 1% is evident that the poor showing of the metal~minins ine 
dustry as a whole is due to the fact that many other metal-—mining companies 
ere not enjoying reasonably favorable accident experience. The best 
accident rates usually are established at large mines becaise they have 
the incentives of reduced @irect cost (many large mines carry their own 
insurance), reduced indirect cost, more efficient Cperation, improved 
employee and public relations, Hequeea turn—over, and last but by no 
means leact humanitarianism,. With such incentives, accident—-prevention 
efforts are logical, and where the work is done efficiently good results 
usually follow. 


Tie success realized by a cafety program usually is in direct ratio 
to the amount of well-thought-out Getermination to reduce accicents dis~ 
played by the menazement, and the successful accident-prevention program 
at the large operation acialiy is based upon capable and adequate super 
vision, employee education ard training, and the installation and main- 
tenance of safe practices and ecuipment. To develop these factors, the 
accident—prevention program generally emdodi ies some or all of the 
following: 


1/ The Bureau of Mines will welcorie reprinting of this paper, proviced 
the following footnote acimowledgment is used: "Reprinted from 
Bureau of Mines Information Circular 7147." Presented at the 
Mining Session of the Western Safety Conference, Phoenix, Arize, 
October 17, 1°40. 

e/ Associate mining engineer, Pureau of Mines Safety Station, Phoenix, 
Arize 
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1. ‘Training in foromanshipe 

Ce heetings of emmioyecse 

oe Sefety committeese 

te Operating codese 

je Accident investigations. 

' 6 Safety inspectionse 

7e Firsteaid training of all envloyeese 

8. Careful attention to ensineering design of equipment end 
installationse 

9.e <Adeauate cuarding of equipment, welkveys, ete, 

10.. Safetv rules ani regulaticnse 

ll. Enforcement of safety rules and regulations. 


Such a program implies the availability of a number of competent 
men, including supervisors, safety engineers, mining engineers, and 
skilled labor, who in at least some instances must be paid for time de- 
voted to safety as well as for time snent in their regular dutiese It 
also implies that, although finencial returns are to be expected, a com 
siderable sum of money must be expended first to initiate a sarety pro— 
Grate 


The following information wes compiled to corpare the accident 
experience of larze-~mine operations where accident prevention is being 
attempted in varying degrees witna that cr svall mines wnere little or no 
effort is made to urevent accidcnitse 


Based upon underg crourd: emnaormeit onli, Arizona mines were divided 
tentatively into tvce groums. hore emplcving fewer than 50 men under-. 
ground on all shifts were classed as smail mines, and those employing 
more than 50 men tin oes on all shifts were ciassed as large mines. 
This proved a convenient division, as the former were found to average 
about 11 underground employees to the mine and the latter about 250. 
Upon this basis, an average of 64 of the small mines of Arizona employed 
fewer than 16 percent of the total number employed underground during 
the period ag38 to 1939, while an average of il large mines employed 
more than 8: percent during the same periods/; yet the small mines 
suffered 41 fatal accidents, or more tnan 40 percent of the total fatal 
mine accidents, and the large mines 60 fatal accidents, or slightly 
less than 50 percent of the total, In Arizona the accident rate at small 
mines is far out of pronortion to the employment when compared with that 
at the large mines, and it is probable that the direct cost of accidents 
per $100 pay roll ét small mines is about twice as high as that at large 
minese 


There are, of course, numerous small 
accident ratese However, thése soca reco 
over a-long period; furthermcre, the 550 


mines in Arizona that have low 
s are not always continued 
& records of some small operations 


me mee 66 eee ee ee: se me ewe ee De a ee ee ne ge ee ee 


3/ State of Arizona, Mine Inspector's Reports for Years 1934 to 1939. 
(Figures are based upon fiscal years ended November 30.) 
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are offset by equally bad records of other small operations during the 
sane pericd. Actually, in a sutsecduent year the nosition of some small 
mines might be reversed as far as the accidint rate is concerned. Tnis 
condition is cue to tne fect taat no safety press or at least no sus- 
tained safety program, is in effect at most smail mines. 


Tie laciz of organized effort to reduce accidents at small mines 
probably is dve chiefiy to the followin: 


le Cormmensation insurance is paid at a fixei rate, regardless of 
accident exverience; thus there is no apparent financial advantage in 
accident ~trevention. 7 | , 


Qe Cperating capital is limited, and usually the operator believes 
that he does not have enough funds to carry on a safety programe 


3- The opneration of small mines frequently is intermittent, and 
labor turn-over is likely to be highs hence tne effect of a safety 
program may te lost at each shut—dcwne 


4, Small operators cannot afford te employ a man who is informed 
on safe practices and equipment and capable of carrying out the worx 
ordinarily performed ty e safety engineer at larse propertiese 


5e Small mining operations often are conducted by persons un- 
familier witi: mining, mining problems, or the need for accident preven- 
tion; such persons sometimes are forced on the local manager because of 
relationshiv to stockholders, but they may be employed througn misjudg- 
ment by the owner or because trey will accept low wages. 


The rreceding seems to hold little hope for immrovement of the 
accident ratc at small mines, yet further consideration of these 
obstacles indicates that they are not only surmountable but that even 
a minimum of effort devoted to eccident prevention is likely to be re- 
warded substantially. 


ACOIDS AT-Pae Vana Ton Ln iy BERLE) 


The total cost of an accident includes the costs of compensation, 
medical services, repairing or replacing equipment or material damaged 
by the accilent, loss in production at the time and place of the accident, 


lost production until the injured man's replacement reaches top efficiency, 
and other itemse 


Unfortunately, at small mines (and also at some large ones) all 
such costs except compensation and medical service are thrown into the 
operating cost, so that the operator loses sight of them and fails to 
realize how much accidents have raised his cost ner ton of ore; more~ 
over, in many small mines little or no cost accounting is donee These 
concealed costs have been estimated to be four or five times the cost of 
compensation, and unquestionably they aggregate at least two or three 
times the comvensation and medical coste 
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At small onerations compensation and medical costs usually are dis- 
guised in the form of a fixed insurance rate. Many small~mine operators 
do not know what sums have been paid out to disabled employees and to 
their doctors, yet the insurance rete depends directly on these payments, 
and if small mines as a group reduced their accident rate the insurance 
rates probably would be reduced also. 


In some localities dividends are paid by the insurer to the mine 
operator when the latter complies with certain safety requirements, and 
in other localities dividends are retumed to the operator when compen 
sation claims of thre employee and medical clains of the doctor have been 
sufficiently below the insurance nremium paid to the insurer. Thus a 
smallemine operator has an excellent orportunity to realize financial 
gain through accident prevention by cutting operating cost, reducing the 
premium rate of the group, and participating in insurance dividendse _ 
(Since this paper was presented information has been received from an 
insurance agency in Arizona that from April 1, 1939, to March 3l, 19h0, 
the percentage of claim loss to premium earned was 105, while during the 
period April 1, 190, to Sertember 30, 1949, when a safety director was 
employed, the figure was reduced to “1.1 percent.) 


It is not assumed, however, that this improved accident rate can be 
attained without effort, and a scmallemine operator is likely to be dis~ 
couraged by visions of paying for a relatively elaborate safety program 
like that carried on by large mining comranies. A safety program de~ 
signed to fit the small operation must therefore also fit the operator's 
pocketbooke 


ECONOMICAL SAFETY PROGRAM FOR SMALL-~MINE OPERATORS 


Fortunately, the simplicity of the small operation compared with 
the complexity of the large one usually allows corresponding simplicity 
in a safety program, although the program's success depends on the same 
vital factor as that of the large operation — the managemert!s belief 
(which costs nothing) in safety and its determination to achieve a low 
accident rate. 


che program itself boils down essentially to two constituents —~ a 
competent supervisor and safety education of the employeese. Supervision 
refers to that of the person in direct charge of mining, as the mine 
foreman or shift boss, or both if more than one is employede Safety 
education involves, first, instilling into the minds of employees a de~ 
sire to work safely; second, teaching them how to do it; and third, re~ 
quiring that it be done and possibly giving them some extra incentive for 
working safelye 


Competent supervision frequently is lacking at small mines; able 
bosses are not attracted by the low pay and uncertain future at most 
small minese On the other hand, emoloyment of incompetent bosses is 
expensive economy, for not only are accidents likely to increase, but 
the cost of operation due to poor mining practices and methods also 
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increases.e Many current mine onerators can point to the harm done to an 
otherwise promising operation by previous operators who, as a result of 
haphezard mining, "lost their shirts." Unfortunately, some of the critics 
are following the same pathe | 


Where mining is concerned it srovld be obvious that a competent fore~ 
man is atsolutely essential. Ihe additional money spent to retain the 
services of such a person is an intelligent investment, as with such a 
foreman the possibility of reducing the number of accidents is good and 
the future for such a mine will be brighter. Adequate supervision, al~ 
thougn requiring greater initial outlay, is ultimately economicale 


Employees mey be educated in safety at little expense. They first 
must be convinced that accidents not only are highly undesirable from 
their stancpoint but also are preventable. <A course of training that 
will vividly show them the conseauences of injury already is available 
in first-aid instruction, and such training has the additional advantage 
of teaching employees to care for injured fellow workers, thereby en- 
abling them to save lives and alleviate the consequences of injurye 


Accident—prevention discussions conducted as part of this train~ 
ing or following it are very effective in reducing accidents, as em 
ployees are then in a recevtive frame of mind ssi reacily see why as 
well as how accidents can be preventede 


Firstaid training is available to employees essentially without 
cost to tie mine operator; it is conducted by Federal:and State agencies 
and by private insurence companies. Most of such training now is cons 
ducted at large mining overations for several reasons: The operators of 
large mines request it, excellent cooneration is offered the agency con- 
ducting the training, and a larze nunber of emmloyees are easily avail~ 
able for the training. In contrast, the operator of a small mine frequently 
does not desire the training until he is in desperate straits, and often) 
cooperates unsatisfactorily, if at all, so that the agency conducting the 
training sometimes wastes time and money that could have been spent to 
better advantage in reaching a larger mamber of men at large minese ‘The 
fact remains that these first-aid training agencies are willing at all 
times to work with overators of small mines, provided they are willing 
to do their part and do not expect tne cooperating agency to accomplish 
Miracles unassistede 


First—-aid training of all employees frequently will produce an 
immediate and decided reduction in accidents, but this reduction is 
likely to be termnorary unless additional long-range safety activity is 
carried one A satisfactory eccidert rate can be maintained by an active 
employee safety organization; if the employment is small this organiza- 
tion also may act as a safety committee; and if 20 or more men are em 
ployed, a safety committee may be formed to represent the ¢roupe 
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An effective safety committee includes the mine foreman, all éther 
bosses employed on the surface or underground, and employee representatives 
equal in number to the supervisorse The highest official at the mine 
(manager or superintendent) acts as committee chairman. If more than 
one shift is employed, the safety committee may be split into sub 
committees on each shift. For example, a mine employs two shifts, and 
amine foreman, shift boss, top boss, and mill foreman are employed on 
the day shift; these men are made permanent members of the safety com- 
mittee. At a meeting of employees the names of men who will voluntecr 
to serve on the safety committee are submitted to the group, and four 
employees (three from the mine and one from the surface) are elected to 
serve. Thus the committee is composed of four employees, four bosses, 
and the manager or superintendent. A similar committee is formed on the 
other shift, with the mine foreman and manager cr superintendent also 
included as members of the second committee. Employee members are ro= 
tated and draw lots to determine their tenure. If the committee orig- 
inally has four employee members they may serve 1, 2, 3, and 4 months, 
respectively, at first, and all subsequent employee members will have 

a tenure of 4 months; only one employee member will be replaced each 
month, and new members will have the guidance of those familiar with 
committee activities. The committees may meet twice monthly, and all 
employees can meet once monthly. As committee members are volunteers 
no expense shculd be attached to their activities, and the monthly 
safety meetings of all employees can be made interesting enough to in- 
sure attendance of most of en even though the meetings are held after 
working hourse 


Activities of the committee should include some or all of the 
following: 


le Investigation of accidents. ~ The committee should inspect the 
scene of each accident; interview witnesses and also the victim (if 
possible); determine the cause, responsibility, and method of prevention; 
and prepare and post a report. 


2. Safety inspectionse — Selected members of the committee should 
make a trip through the mine and surface plant once a month and prepare 
a report on unsafe conditions and practices observed. 


3e Safety rules. — Safety rules should be prepared by the com 
mittee. These rules should be practical, and provisions should be in~ 
cluded for enforcing them. They should be submitted to the employees for 
suggestions and approval and be put into effect as soon as approvede 


4. Safety suggestions. - Safety suggestions should be solicited 
from the men, and the committee should consider and pass on theme The 


donor should be advised as to the action taken on his suggestion, and if 
the suggestion is rejected he should be given a reason for the rejectione 
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verbal statements on the activities and accom lisnments of tre committe 
srould te made at the monthly employee safety meetingse 


Be Renortse ~ Accident and insvection renorts skould be posted and 
HeEpores: s c Pp 


At the mine employing only 5 or 10 men, the entire personnel can be 
included in the safety committeee 


Some mining operations have been able to establish reasonably good 
accident records tnrough good supervision alone, and it must be admitted 
that good sumervision is very important. The best, most consistent, and 
most easily attained good accident records, however, have been achieved 
only after the employees have been assigned a definite place in the acci~ 
cdent-vrevention programe In fact, the emnloyees themselves can be de~ 
pended on to eccomlish a decided reduction in accidents if given a re- 
sponsible part in the safety ¢rogram, provided the management will 
cooperate in their activities. Employee safety organizations in numerous 
instances have rroved reasonable, fair, and helpful, esneciclly when the 
employees have understood tnat accident reduction is mutually beneficial. 


PoOACTICES AND EQUIPMENT AT SALL MINES 


Althougn poor methneds and unsafe practices remain the greatest cause 
of accidents at small mines, these are the factors that cost least to 
correct, However, inadequate, poorly maintained, defective equipment, 
plus poor maintenance, lack of timer, lack of proper tools, etce, also 
contribute to the hign accident rate at small mines. These factors are 
important beceuse they may add more to the cost of mine operation than 
unsafe practicese Limited carital is certainly an obstacle to the 
possession of adequate equinment, althousch lack of foresight and unwisely 
spent capital are among the principal reasons fer much of the poor equip= 
ment many small mines are forced to use, 


Unsafe practices and equinment observed at small mines include the 
foliowinzs: 
2e 


(2 men killed in Arizona sma2l mines 1g 


Unsafe practices ecic of or unsafe equinnent 

1. Hoisting cars on inclines with 1. Foor band brakes on hoists; no 
Out using drags to prevent cars emersency braie or device able 
running back down inclines if to nold the load if the brake 
cable, cable attachment, coup- fails. 


ling, or hoist feils, 
Ce Rock=spillage accumulations or ce No safety catches on skips or 


snaft timber not cleaned downs cages; safety catches not tested 
av rezular intervalse 
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3- Men working on inclines below 30 
active hoisting operations witn- inspected; old, rusty, and 
out protection of bulkheads or vossibly defective cables in 
other means of arresting acar, USE. 
or cars, that may break loose. 
4, Mining too close to the shaft. 4. Hoists not equipped with indi- 
cators or other safety cevices. 
5 Men riding vails of buckets and 5. No gates, railings, or bars at 
skipse shaft stationse 
6. Skips or cages overcrowded vhen 6. No gates on cagese 
hoisting and lowering mene 
7e Men riding cages, skips, or cars 7e No derails at ton of inclines. 
witn tools, explosives, and ower 
materiale 
8. Storage of inflammable material & Poor shaft or incline signaling 
such as gasoline, oils end other SYStEMSe 
lubricants near the shaft in the 
hoist houses 
Je FPcor power units on hoists, such 
eas salvaged automobile engines 
or gasoline engines installed 
so as to allow exhaust gases to 
enter the hoist roome 
10. No fire~fignting equipment on 
the surfacee 
nock—Fall Eazards 
(12 men killed in Arizona small mines, 197+729, inclusive) 
Unsafe practices Lack of or unsafe equipment 
le Men working and allowed to work le Miners not nrovided with food 
directly under rock known to be bars and required to pull down 
loosé.s loase rock with pickse 
ee Loose rock allowed to remain over ce Insufficient or too small timber 
manways and in regularly traveled furnished. 
drifts and crosscuts 
3- Loose gouge or vein material in 3, Booms and hangers not furnished — 
stopes not timbered up or taken for driving drifts in bad ground. 
CoWwNe . 
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Hoist cables not lubricated or 


4, First consideration to "getting 
the round in" and not to maxing 
the working place safe. 


5. "Get the round in or we'll hire 
someone wiio can" policy followed 
by some boSS€Se 


6. Timber not kept up to face in bed 
ground. 


fe Stulls not hitcned into walls where 
possible and stulls pocrly blockede 


8. Sets poorly alined, poorly lagged, 
poorly blocked, and poorly framed. 


9. Inadequate sunport for filled stopes 


where collapse of timber would re- 
sult in filling drifts tnat are in 


USE. 


10, Failure to leave cushion of rock on 
timber of emptied shriniage stopese 


ll. Inadequate or incifferent super-— 
visione 


12. Improper mining metnod (mining 
witnout support ground that 
should be supported). 
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Fall—~of—Person Hazard 


(10 men killed in Arizona small mines, 1934-39, inclusive) 


Unsafe prectices 
1. Throwing steel and other 
material down manways, damaging 


Same e 


Ce Failure to report hazardous 
conditions in manwayse 


3e Failure to warn miners working 
above when pulling crutes. 


4, Working floors not kept cleane 


\9 
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Lack of or unsafe equipment 


Continuous ladderyvays without 
platformse 


Unguarded openings in drifts 
and stopese 


Small manways obstructed by 
pipe, timbers, etce, making 
passage difficulte 


Runes broken or missing from 
ladderse 
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Te 


Se 


le 


Ce 


30 


te 


Se 


Je 


Careless flooring of sets and De 
neglect to nail flooring. 


Projecting nails and other _ 66 
tripping kazards not removede 


Failure to establish firm and Te 
safe footinge 


Safety ropes and safety belts. Be 
not worn where required. 


Explosives 


Hand rails not provided where 
desirablee 


Poor material used for stagingse 
Insufficient legging for working 
floorse 


Ropes and safety belts not rro~ 
vided where necessarye 


(14 men killed in Arizona small mines, 1934-39, inclusive) 


Unsafe practices 


Opening cases of explosive with le 
metal tools, 


Using open lights in magazine and 26 
in direct proximity to exvlosive. 


Transporting capped fuse and exe 30 
plosive together in an open boxe 


Riding on skips or cages with Ue 
explosives 


Slitting primer cartridgese De 


Lacing, bending back, or othem 6. 
wise causing sharp bends in fuse. . 


Tamping primers and explosive Te 
unnecessarily hard. 


Spitting fuse without trimming  &e 
for rotatione 


4 


Cutting off too much fuse when Se 
trimming for rotation. 


10. Staying too long when spitting. 
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Lack of or unsafe equinment 


Poorly constructed and poorly 
maintained magazines located 
too close to roads, dwellings, 


or mine buildingse 


Magazine not provided witno safe 
lighting facilitiese 


Metal tools furnished for open~— 
ing cases of explosivee 


Short fuse providede 


Improper fuse providede 


Poor or not enough sacks or con- 
tainers furnished for transpor— 
tation of explosivese 


Substandard switches and wiring 
used for electrical blasting. 


Electrical detonators obtained 
without short circuited leg 
wirese 


Testing equipment for electrical 
detonators or blasting circuits 
not provided. 
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lle Failure to count shots and revort 
misfirese 


» Mucitinz, timocring, or 
e i 


Oing other work in the vicinity 
tf misfires before disposing cf 


14, Attempting to remove misfired charges 
by digging them out or pulling tuen. 


eS 


15. Caching or riding excess explosive or 
explosive recovered from the muck vile. 


16, Failure to guard shots. 


“(3 men killed in Arizona small mines, 1954-39, inclusive) 


Unsefe proctices Lack of or unsafe equipment 
le. Lack of cooperation among. em le Miners not provided with hard 
ployees, particularly between nts, gosgles, or protective 
omosite shifts ("Let the other s0es or boOtS. 


shift do it" policy). 


2. Men not trainei in first aid or Ce Dlectrical circuits not properly 
mine rescue _ protected or poorly installed. 


3e New employees insufficiertly ine 3. Ventilating equinment not pro— 


structed or swpervisede vided or inadequatee 
4, Poor housexeepinge 4u. Snrinkling equipment not pro- 
vided or inacequatee 


5h. Failure to revort unsafe equip~ 5e Mine rescue crews or equipment 
ment, conditions, etce not providede 


6. Mechanical equipment inadequately 
suardede 


In connection with empicyees, it is ovserved further that many of 
those now working at small mines ere totally inexperienced or inclined 
to overrate their experience; it is an urfortunate fact that frequently 
too few experienced men are available at a given mine to make possible 
the "apprenticeshin" system formerly used in mines. This situation can 
be relieved greatly by the efforts of an active safety committee. 
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The above conditions, actually observed in small mines, are in= 
dicative of the conditions that establish an accident ratio between large 
and small mines that definitely is unfavorable to the latter. A study 
of this list will show nearly all items to be readily correctivle, and 
that to remove most of the factors contributing to the high accident 
rate at small mines will require little more tnan a determination to re- 
duce accidents, tne cooperation of the men, and a relatively inexpensive 
program of education. If the unsafe practices alone were eliminated, 
the smallemine accident rate would greatly decrease, and with reasonable 
improvement in ecvipment the accident rate should compare favorably 
with that of cther industries. 


CONCLUSION 
Small~mine operators have much to gain by a nrogressive attitude 
toward accident prevention, and taney can achieve a decided reduction in 
accidents through the following steps: 
le Adonting the policy that accidents can and will be prevented. 
2> Employing a competent mine foreman. 


3e ‘Vraining all emmloyces in first aid, 


Le Organizing safety committees and encouraging them to carry on 
a safety program such as that outlined. 


5- Making sure that new employees receive the necessary instruc~ 
tion, training, and supervision to render them safe workemene 


6. Obtaining the assistance of private, State, and Federal agencies 
engaged in accident—prevention worke 
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